causes (eg, infection, endocrine, and neoplastic disease). 6, 7 Mucosal inflammation is a characteristic histopathological feature of IBD and the primary forms of small intestinal IBD in dogs are LPE, characterized by increased numbers of lymphocytes and plasma cells, and EE, which is characterized by infiltration predominantly of eosinophils. 6 Eosinophils are multifunctional granulocytes that, upon activation, play a critical role in regulating innate and adaptive immune responses by release of various mediators such as cytokines, growth factors, chemokines, and cytotoxic granule proteins (degranulation). 4, 8 Preformed cytotoxic granule proteins such as eosinophil cationic protein, Epx, and major basic protein released by activated eosinophils during inflammation can contribute to tissue damage and dysfunction. [9] [10] [11] [12] Therefore, it is important to accurately detect not only intact eosinophils with intracellular granule proteins but also extracellular release of granule proteins by activated eosinophils, to obtain a better understanding of the contribution of eosinophil activation to disease pathogenesis. The pathophysiological effects associated with eosinophilic infiltration of the GI tract remain poorly defined. 4 Histological evaluation of endoscopic biopsy specimens is performed frequently in the diagnosis and management of dogs with IBD. This evaluation entails detailed characterization of the inflammatory infiltrate (ie, lymphocytes, plasma cells, and eosinophils), the area affected (ie, focal or generalized, superficial, or deep), the severity of inflammation (ie, mild, moderate, and severe), and any microarchitectural changes (ie, villus fusion or atrophy and fibrosis). 13 The assessment of GI mucosal inflammation, including the quantification of eosinophils, by H&E staining of biopsy tissues in conjunction with exclusion of underlying disease is used as a guideline in the diagnosis of IBD. 14 However, H&E staining can only detect intact but not degranulated, eosinophils, and therefore may underrepresent the extent of eosinophilic infiltration. 15 Although eosinophils are present in the normal small intestinal mucosa, the distinction between the upper limit of normal and abnormally increased tissue eosinophils is not clearly defined using H&E staining. 14, 16, 17 Using jejunal tissue collected at necropsy examination from dogs with IBD, we previously have demonstrated that IHC using a mAb specific for the eosinophil granule protein Epx allows reliable morphological identification of degranulated as well as intact eosinophils and could serve as a tool for quantitative evaluation of eosinophils in the small intestine. 15 Our specific aim in the present study was to quantify and compare eosinophil counts by H&E versus Epx mAb IHC of endoscopically obtained biopsy specimens from a larger, clinically well-defined cohort of dogs to further our understanding of the role of eosinophils and eosinophil degranulation in intestinal inflammation in dogs.
| MATERIALS AND METHODS

| Animals and samples
Thirty dogs (17 male and 13 female) were included in our retrospective study based on duodenal histopathology of endoscopic biopsy specimens from cases submitted to the Pathology Unit of University of Bristol, Bristol, United Kingdom. Dogs were of 17 different breeds:
Terrier-cross (n = 2), German Shepherd (n = 3), Labrador Retriever (n = 6), Dachshund (n = 2), Jack Russell Terrier (n = 3), Cross-bred (n = 2), Cavalier King Charles Spaniel (n = 2), and 1 each of the follow- 
| Histology and immunohistochemistry
Serial 4-μm-thick sections were cut from each paraffin block.
Section 1 was stained with H&E, whereas Sections 2 and 3 were immunolabeled with Epx mAb (Mayo Clinic, Scottsdale, Arizona) and normal mouse IgG (negative control, Sigma-Aldrich, St. Louis, Missouri), respectively, as previously described. 15 Slides were evaluated using an Olympus BX53 upright light microscope and photomicrographs were acquired using an Olympus DP73 camera and Olympus cellSens Software (Olympus, Center Valley, Pennsylvania). In terms of disease severity (EE and mixed enteritis combined), the number of intact eosinophils detected by Epx IHC was significantly higher in the upper and lower LP in dogs with mild and moderate disease compared with control dogs (Figure 6 ). Furthermore, the number of intact eosinophils in the upper and lower LP of dogs with moderate disease was significantly higher than in dogs with mild dis- 15 In the current study, we have extended these findings to endoscopically obtained biopsy specimens from the stomach, duodenum, and colon of dogs with GI inflammation (EE or mixed enteritis) and confirmed the utility of this technique in eosinophil identification and quantitation using clinically relevant samples.
| Quantification of eosinophils
| Statistical analysis
Evaluation of serial sections of duodenal biopsy specimens from control dogs and dogs with either EE or mixed enteritis that were stained with H&E and labeled with Epx mAb indicated that Epx mAbbased IHC consistently results in detection of significantly higher numbers of intact eosinophils relative to H&E staining. A similar finding was observed on evaluation of serially stained sections (using H&E and Epx mAb) from the stomach (antrum and fundus) and colon of these dogs.
These findings suggest that quantification of eosinophil infiltration based on H&E staining is likely to be an underrepresentation of the reflux disease. 20 In another study using lung biopsy specimens from patients with acute lung injury, a >40-fold higher sensitivity in the detection of eosinophils was achieved by IHC with Epx mAb relative to H&E-stained sections, resulting in the identification of higher numbers of eosinophils in these patients compared with controls in whom differences using H&E staining alone were not significant. 18 Similar findings were observed in canine skin in which Epx mAb IHC detected significantly higher numbers of eosinophils as compared to H&E staining. 21 Based on our findings of enhanced detection of intact eosinophils by Epx mAb-based IHC relative to H&E staining, this method could be used to accurately assess eosinophilic inflammation in formalin-fixed and paraffin-embedded tissues from the duodenum, stomach and colon to improve diagnostic sensitivity for EGID in dogs.
Eosinophilic gastrointestinal disease often is caused by food allergen-driven Th2 inflammation that is likely to be responsible for the predominant infiltration of eosinophils. 22 When activated, One of the limitations of H&E staining is its inability or poor ability to detect degranulated eosinophils. 15 Studies in patients with different forms of GI eosinophilic inflammation have shown increased numbers of activated eosinophils and increased concentrations of extracellular granule protein, suggesting that these cells may be important players in promoting and mediating inflammation in the intestinal mucosa. [29] [30] [31] [32] Therefore, it is important to be able to reliably detect and quantify both intact and degranulated eosinophils in order to better understand their involvement and contribution to disease pathogenesis. In our previous study, enumeration of eosinophils after Epx mAb IHC indicated the presence of increased numbers of degranulated eosinophils in the upper and lower LP of the jejunum in dogs diagnosed with IBD compared with control dogs and dogs that had been treated for IBD. 15 The current study confirms this observation in the duodenum of dogs with EE or mixed enteritis. In both cases, the number of degranulated eosinophils was significantly higher than in one would expect degranulation to correlate with severity, it is still unclear how many eosinophils must degranulate to increase disease severity, and our study group may not have been large enough (ie, small sample size) to establish a statistically significant difference. Furthermore, discordance may exist between histological changes and severity of disease, and a disease activity index was not calculated for these dogs. Similarly, in our previous study a significant difference in the number of intact eosinophils was noted between dogs with IBD (untreated) and treated IBD dogs, albeit only in the upper LP. 15 Based on the observation that H&E staining resulted in an underrepresentation of the number of eosinophils (intact) relative to Epx mAb IHC not only in the duodenum but also in the stomach and colon in the current study, it is possible that evaluation of biopsy specimens by H&E stain only may result in underdiagnosis of disease as well as severity of disease in dogs with EGID.
A limitation of our study is that the control group consisted of dogs with various GI signs but with histologically normal intestinal biopsy specimens and were not healthy controls. Additionally, information regarding the diets that the dogs were fed was limited and therefore could not be controlled in the study. Evaluating the correla- 
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